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Abstract 
Jatropha curcas L. is an oil bearing plant growing in tropical and subtropical regions of the world. This plant is considered to be 
a potential solution to the prevailing shortage of fossil fuel and the resulting environmental impacts. Cognizant of this, 
governments have given considerable attention to develop biodiesel technologies including that of jatropha. Development of 
biodiesel technologies has also attracted interest of national and international investors in Ethiopia. 
However, there is a gap of information with regard to how much land can potentially be allocated for biodiesel development. In 
this study, Geographic Information System (GIS) was used to identify those potential areas. Data of relevant environment factors 
influencing growth and productivity of jatropha such as climate, soils and topography were used for this purpose. 
Generally, results of overlay analysis for biophysical suitability evaluation using GIS identified 15.07 % and 76.57 % of the land 
as highly suitable and moderately suitable for jatropha production, respectively. The main limiting factors identified in this study 
are elevation, climate and water logging condition of soils. Sensitivity analysis based on land use change patterns shows that the 
size of suitable sites decreases significantly. Around 42 % of the suitable sites were also identified as accessible by road and 
railway transport systems at distances less than 20 kilometres. 
In general, adequate land is available for jatropha investment in the country. However, allocation of land for jatropha production 
should be done based on accessibility of the identified suitable sites to transport facilities. 
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1. Introduction 
Declining trends in the global energy supply and consequences of climate change have created huge global 
concern. As a result, many countries are making efforts in developing clean energy options [1, 2, 3]. High fossil fuel 
prices and national security concerns have also sparked interest in bio-based fuel development in different parts of 
Africa [4].  
As a result of its huge population, which reached about 89.2 million in 2013 [5], Ethiopia’s energy demand is 
increasing tremendously and cost of petroleum import exceeded export earnings by 2008 [6]. Hence, Ethiopia has 
designed a biodiesel development strategy to promote biodiesel investment. The strategy is expected to help the 
country evade its reliance on import of fossil fuels for its energy consumption and reduce impacts of climate change 
[7, 4, 8]. Jatropha, palm tree and castor bean were identified in the strategy as promising biodiesel bearing plants. In 
addition to the strategic support, this paper was inspired by the multiple products and services obtained from 
jatropha to ameliorate land degradation, negative energy balance, soil fertility loss and poor health condition of the 
rural community [9, 10, 11]. 
Some survey reports, estimates using conventional methods, and author’s personal observation revealed presence 
of jatropha around home gardens and farmlands in different parts of Ethiopia. Plantations were also established in 
different regions by various actors; however, the methods used so far for site identification were ineffective [4, 12]. 
Consequently, failure accounts of investment projects have been reported due to improper techniques of site 
selection and use of old data [13]. 
This study employs Spatial Analytic Hierarchy Process (SAHP) and Geographic Information System (GIS) to 
generate reliable information in land allocation for jatropha production. A mechanistic suitability modelling 
approach was used since environmental requirements of the species are well documented [14]. 
Findings of this study have paramount significance in supporting decision making in the biodiesel energy 
development sector since a considerable amount of the land area (about 15 %) is suitable for growing jatropha. 
Local communities, universities, investors, researchers, community-based organization and non-governmental 
organizations will benefit from the research results. 
2. Methods 
2.1. Selecting and standardizing factors 
Factors that define suitability for jatropha production were selected through an intensive literature review on site 
requirements of jatropha for optimum growth and yield. Besides review of international experience from literature 
about the subject matter, expert consultation was used in rating of factors using pair-wise comparisons. Availability 
of data was also a key element considered during selection of factors for this study. 
To compare the criteria, values of each dataset were transformed to the same unit of measurement scale. Each 
input dataset was converted into raster data format. Pixels of the derived raster data were classified into suitability 
classes for jatropha production. After classification, all raster data of each factor had values of 3, 2 and 1 
representing “suitable”, “moderately suitable” and “not suitable” areas, respectively. 
2.2. Weighing of the criteria 
For determining the relative importance of each criterion in the resultant overlay analysis, a pair-wise comparison 
matrix using a modified form of Saaty's nine-point weighing scale was applied [15]. 
For preventing bias during criteria weighing, the consistency ratio was calculated. The consistency ratio is a 
general measure of the comparative judgments’ goodness in building up decision matrices within the Analytical 
Hierarchy Process (AHP). Consistency ratio is a decision tool to evaluate whether an AHP is acceptable for decision 
making or not [16].  
Values of consistency ratio exceeding 0.10 are indicative of inconsistent judgments; whereas values of 0.10 or 
less indicate reasonable level of consistency in the pair-wise comparison. 
84   Habitamu Taddese /  Energy Procedia  93 ( 2016 )  82 – 88 
2.3. Spatial Modelling 
A spatial model was built in ArcGIS software where data format conversion, reclassification and weighted 
overlay analysis were performed. The various factors (i.e. precipitation, elevation, temperature, soils, land use / 
cover and slope) were combined to a suitability map of three levels of suitability. In the overall weighted overlay 
analysis, each criterion was weighed by its importance value, which reflects influence of the criterion in the overall 
suitability (S).  
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u     Where Wi represents weight of each criterion (Ci). 
Furthermore, sensitivity analysis was conducted by considering the emphasis that the Ethiopian government has 
put on conservation and the green development pathway. Thus, dense woodlands and shrub land, which were 
classified as moderately suitable in the weighted overlay analysis, were identified as not suitable for this investment 
due to their conservation values. 
The research has also tried to investigate accessibility of potential sites of jatropha production in Ethiopia to main 
transport systems in the country to help decision making in the investment. Access to all-weather roads, dry weather 
roads and railways (Addis Ababa - Djibouti railway) was assessed for evaluating priority sites for investment 
decision in the sector. Consecutive buffer zones of 20 kilometres from the transport system has been used to get this 
information. Five classes of accessibility (i.e. less than 20 km, 20 – 40 km, 40 – 60 km, 60 – 80 km and more than 
80 km) were used for classifying the data.  
3. Results and discussion 
3.1. Assessment of environmental requirements for growth and yield of jatropha 
Several studies have examined the correlation between jatropha production and environmental conditions; 
and there is a consensus that climate, terrain and soil properties are key factors determining growth and yield of 
jatropha [17, 3, 18]. To grow well and give high yields, the plant needs enough water, appropriate temperature and 
altitude; and the soil type has to be suitable. Some research works [19] indicated that ecological conditions do not 
only affect yield but also determine length and degree of injury by pests and diseases. Thus, the following six 
environmental factors were identified as important variables influencing jatropha production. They impact the 
amount and quality of products derived from jatropha, most importantly oil.  
Experience in tropical and subtropical regions was used to define the different classes of suitability of each 
criterion (Table 1). 
Literature shows that there are three major suitability ranges for assessing compatibility of an environmental 
condition for normal growth and yield of jatropha. Jatropha bears optimum production as long as it grows in the 
suitable (S1) condition of each factor. Moderately suitable (S2) condition represents friendly situations to support 
good production of jatropha as far as other factors are not beyond threshold ranges; otherwise, seed setting and/or 
production of fruits will be impaired. The range of values of environmental variables that fall under the not suitable 
(N1) category is a difficult condition where jatropha cannot survive unless improvement is made; or if it survives, 
seed or fruit production may not be attainable. 
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Table 1: Environmental attributes required for assessing jatropha production categorized under three classes of suitability. Data source: Review of 
existing literature and experts’ observations. 
Factor or 
criterion 
Unit Total range 
Suitability classes* of environmental attributes Source of 
information 
(reference) Suitable (S1) 
Moderately 
suitable (S2) 
Not suitable (N1) 
Rainfall mm/year 250 - 3000 1000 – 1500 600 – 1000 < 600 or >1500 [10, 11] 
Temperature Degree 
Celsius 
17 – 28 20 – 28 17 – 20 <=17 or >28 [2, 3, 20] 
Elevation Meter above 
sea level 
0 - 2150 0 – 1500 1500 – 2150 < 0 or >2150 [20, 21] 
Soils Soil type Any soil type without 
(with little) clay content 
Well drained sand 
and loam soils 
Small proportion 
of clay (little water 
logging potential) 
Heavy clayey soils, 
which have water 
logging effect 
[2, 9, 19]  
Slope degree 0 - 30 <=15 15 – 30 >30 [2, 3] 
Land cover 
(use) 
Cover type Land cover other than 
waterlogged, conservation 
areas, settlements and 
water bodies 
Well drained 
marginal lands, 
open grasslands, 
wooded grasslands 
Disturbed forests 
and bush/shrub 
lands, salt and flats 
Water-logged, 
conservation sites, 
settlements, 
cultivated areas, etc. 
[9] 
* Suitability classes indicate environmental conditions in which large scale jatropha production is evaluated. 
3.2. Criteria weights 
In this research, weights of the selected criteria were derived using SAHP method. A pair-wise comparison 
matrix of the results of the SAHP is presented in Table 2. 
Table 2: Weight and Consistency Ratio (CR) of pair-wise comparison matrix of factors that affect jatropha production. Source: Expert interview 
data and author’s calculation. 
Criteria Precipitation Elevation Temperature Soils Land use/ cover Slope Weight CR 
Precipitation 1.00 2.00 4.00 6.00 8.00 9.00 0.43 0.045 
Elevation 0.50 1.00 2.00 4.00 6.00 8.00 0.26 0.036 
Temperature 0.25 0.50 1.00 2.00 4.00 6.00 0.15 0.024 
Soils 0.17 0.25 0.50 1.00 2.00 4.00 0.08 0.012 
Land use/ cover 0.13 0.17 0.25 0.50 1.00 2.00 0.05 0.007 
Slope 0.11 0.13 0.17 0.25 0.50 1.00 0.03 0.005 
Column total 2.15 4.04 7.92 13.75 21.50 30.00 1.00  
 
The values in the above table indicate preference (intensity of importance) of the factors being compared based 
on experts’ opinions. The importance weight is a unit-less measure of relative preference of the factors. The weights 
indicate that rainfall, elevation and temperature have respectively greater importance values contributing more to the 
overall multivariate analysis. On the other hand, slope, land cover and soil type have importance values less than 10 
% each. The result shows that most of the influence on the resultant suitability comes from characteristics of rainfall, 
elevation and temperature of the area. These are factors affecting growth performance of the plant and thus are basic 
to influence analysis of suitability. Therefore, findings of the study comply with expected facts. 
Furthermore, it is evident from literature that even if there may be variation in performance, jatropha generally 
grows on most soils except those experiencing water logging. Slope is not a limiting factor for growth and yield of 
jatropha. Its effect is reflected on soil moisture and fertility status of the land. Both soil moisture and fertility do not 
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significantly influence performance of jatropha [21]. Land cover is a factor considered to ensure conformity of the 
results with the existing national development strategies; thus, it is not a determinant factor for agronomic 
suitability. 
3.3. Multi-factor analysis of suitability for jatropha production in Ethiopia 
Based on single factor evaluation, landscape characteristics like slope and elevation were found extensively 
suitable for the intended purpose. However, a comparatively less proportion of land was found suitable in terms of 
rainfall, soils and land cover characteristics. 
The results indicate that most topographic conditions of the country are suitable for jatropha production. It was 
revealed from this investigation that 97 % of the slopes and 65.8 % of the elevation of Ethiopia are suitable for 
jatropha. It was also apparent that high altitude areas and areas below sea level, which account for 34.2 % of the 
landmass of Ethiopia, are not appropriate for jatropha production. 
 
Fig. 1. Suitability for jatropha production (A) original result of suitability assessment (B) result of sensitivity analysis based on a more 
conservation-oriented and green development strategy that Ethiopia has set. 
Climatic variables are limiting factors controlling growth and yield of jatropha. The effect of rainfall on jatropha 
production was considerable. This effect is manifested in its influence on germination, growth, seed production and 
its likely impacts on attracting diseases and pests. 
The result of the multivariate analysis indicates that 15.07 % of the land area of Ethiopia is agronomically 
suitable for jatropha production (Figure 1). This area refers to biophysically suitable sites that are compatible with 
the current development strategies of the country [7]. Suitable areas for jatropha production were predominantly 
attributed to characteristics of rainfall, elevation and temperature with importance weights of 43 %, 26 % and 15 %, 
respectively (Table 2). Furthermore, more than three-fourths of the land is potentially (moderately) suitable with 
some limitations that may require further scrutiny to make use of them for investment in this sector.  
However, the sensitivity analysis of suitability for jatropha production has been tested by changing classification 
of the land cover/ use types. In the sensitivity analysis, only flat sands and exposed soil were considered suitable. 
Dense woodlands and shrub land were identified as not suitable for this investment since they provide conservation 
values. Hence, findings of the sensitivity analysis show that only 10.8 % of the area is suitable for jatropha 
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production. So, if the government wants natural systems to provide ecological services, comparatively less land is 
available for investment in the jatropha-based bioenergy sector. 
3.4. Accessibility of potential sites of jatropha production in Ethiopia 
Generally speaking, about half of the sites in Ethiopia are located within 20 kilometres distance from road and 
railway transport infrastructure. Hence, about 42 % of the suitable sites (6,967,410 hectares of land) were located 
within 20 kilometre distance from major transport systems of the country. Investment decision should attempt to 
rely on these accessible suitable sites, which cover a significant area of the country, since they are easier to reach 
using road and railway transportation to supply inputs and transport products to the nearby market. Close to one-
third of the suitable sites are located between 20 and 40 kilometre distance from the transport infrastructure, which 
will be second priority sites for jatropha-based biofuel development. 
Approximately 24 % of the suitable sites were located between 40 and 80 kilometres distance from terrestrial 
transport infrastructure. Hence, this sites represent low priority sites for investment decision. They may require 
construction of additional transport infrastructure. However, these sites may become accessible within the coming 
few years upon completion of several railway and road construction projects in many parts of Ethiopia. The analysis 
has also revealed that only 5 % of the suitable areas do not have access to transportation at a distance of less than 80 
kilometres. 
Table 3: Accessibility measure of suitable sites for jatropha production in Ethiopia. Source: Author’s calculation. 
 Level of suitability Grand Total 
Not suitable Moderately suitable Highly suitable  
[hectare] 
 
[percent] [hectare] [percent] [hectare] [percent] [hectare] [percent] 
A
cc
es
si
bi
lit
y 
Less than 20 km 7385020.31 80.18 41395092.47 49.04 6967409.90 41.95 55747522.68 50.58 
20 - 40 km 1501994.71 16.31 21132249.91 25.04 4842763.71 29.16 27477008.33 24.93 
40 - 60 km 220476.75 2.39 11242690.00 13.32 2530444.76 15.24 13993611.51 12.70 
60 - 80 km 58599.20 0.64 6172136.54 7.31 1422624.20 8.57 7653359.94 6.94 
Greater than 80 km 44328.30 0.48 4461967.79 5.29 845850.76 5.09 5352146.86 4.86 
Grand Total 9210419.28 8.36 84404136.72 76.58 16609093.33 15.07 110223649.32 100.00 
 
Therefore, results of the accessibility analysis depict that a huge part of the suitable sites for jatropha production 
in Ethiopia is accessible for investment decision given that socio-economic analysis results support these findings. 
Furthermore, the transportation infrastructure projects that are under construction will open up additional 
opportunities to make use of a major part of the suitable sites for jatropha-based bio-diesel production in Ethiopia. 
4. Conclusions 
Careful selection of all the possible variables that affect growth and yield of jatropha is a basic step to make sure 
that the result will support decision making in the sector. This study identified and selected potential factors that 
determine growth and yield performance of jatropha. Temperature, rainfall, soil, land use/ cover, slope and elevation 
were identified as the major environmental factors governing performance of jatropha. 
SAHP and GIS were used for mechanistic suitability modelling of jatropha production sites in Ethiopia. This 
research has introduced these approaches to solve drawbacks of existing conventional techniques like remote 
sensing and expert opinions or judgments for assessing suitable areas. 
The study has shown that there is ample opportunity for jatropha investment in the country. Most suitable sites 
are located at accessible distances to existing terrestrial transportation systems. There is bright future to ensure 
accessibility due to massive railway and road infrastructure projects underway construction. However, considerable 
attention should be given to proper technologies for establishment, management and processing of jatropha products 
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to get optimum benefit from the sector. Establishment of jatropha plantations should depend on the identified 
geographic locations to avoid conflicts of interest on the use of every piece of land.  
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